Abstract | Chronic HBV infection is estimated to affect >350 million people worldwide and represents a substantial source of morbidity and mortality related to cirrhosis and hepatocellular carcinoma. Mother-tochild transmission (MTCT) remains an important source of incident cases of hepatitis B. Immunoprophylaxis of infants born to mothers who are positive for hepatitis B surface antigen is used to prevent MTCT; however, under-utilization of this intervention in certain regions endemic for HBV infection and failure of immunoprophylaxis in 5-10% of cases are barriers to preventing HBV transmission via this route. Data suggest that a high level of HBV viraemia in pregnant women is a substantial risk factor for immunoprophylaxis failure. Potential means of reducing viral load include antiviral therapy in the third trimester to reduce exposure of the neonate to the virus. Determining the optimal time to treat active HBV-related liver disease in women who wish to become pregnant, as well as managing antiviral therapy in patients who become pregnant, remains challenging. Owing to the vulnerable population affected by these issues, clinical trials are difficult and, thus, evidence-based recommendations are limited. Emerging data are addressing management of HBV during pregnancy that health-care providers should be made aware of. Here, we provide an overview of issues pertinent to HBV infection during pregnancy and present a management algorithm.
Introduction
Chronic HBV infection remains an important global cause of chronic liver disease and can result in cirrhosis, liver failure and/or hepatocellular carcinoma in as many as 15-40% of infected individuals. 1 An estimated 2 billion people worldwide are thought to have been infected with HBV, 350-400 million of whom are chronically infected. An effective and safe vaccine against HBV is currently available. New data on HBV immunization rates in the USA from the National Health and Nutrition Examination Surveys (NHANES) demonstrate a marked increase in vaccination rates from ~30% in 1999 to 70-80% in 2010. 2 However, 50 million new cases of hepatitis B continue to be diagnosed annually, with the largest burden of incident cases due to mother-to-child transmission (MTCT). 3 In the USA, previously reported estimates of chronic HBV infection (1.25 million) have now been modified to 2.2 million when accounting for foreign-born individuals from regions with high endemic rates of seropositivity. 3, 4 Areas of the world endemic for HBV infection (defined as 8-15% of the population infected with HBV) include China, Southeast Asia, the Pacific Islands, sub-Saharan Africa, parts of the Middle East and the Amazon Basin. 3 In these locations, MTCT is the most common route of infection and the lifetime risk of infection exceeds 60%. 3 By contrast, regions not endemic for HBV (<2% of the population is infected with HBV; the USA, Australia and Western Europe) have primarily adult-to-adult transmission that is unlikely to result in chronic infection, and individuals have a low lifetime risk of infection (<20%). 3 In these regions, immigration patterns are important determinants of chronic HBV infection in the population and identification of HBV infection among women of childbearing age remains an important opportunity to reduce the future burden of disease.
Women of childbearing age pose a particular clinical concern in the transmission of hepatitis B as recent data suggest that high maternal HBV viraemia increases risk of HBV MTCT, even in the setting of appropriate and timely immunoprophylaxis. However, whether to initiate antiviral prophylaxis medications during pregnancy and the clinical dilemmas of when and how to initiate and/or discontinue medication is challenging.
Routes of transmission
HBV is transmitted via parenteral or mucosal exposure to infected body fluids; the highest viral concentrations are present in blood and serous fluids and the lowest concentrations present in saliva and semen. Routes of HBV transmission include sexual contact, parenteral drug use with shared paraphernalia, tattoos, piercings, acupuncture and needle-stick exposure in the health-care setting. In countries where HBV is endemic, most infections are acquired through perinatal exposure. Indeed, HBV MTCT rates up to 70-90% have been reported in mothers who are HBsAg and HBeAg positive, and in the absence of post-exposure prophylaxis in the infant. 5 Perinatal exposure is also the route of transmission most likely to result in chronic HBV infection and is a vital target for reducing the burden of HBV-related disease in populations endemic for HBV infection.
HBV can be transmitted via a vertical or horizontal route, but the risk of developing chronic HBV infection is strongly associated with the age of HBV exposure. The rate of chronic infection varies strikingly from ~90% in exposed infants to ~50% in toddlers and young children (aged 1-5 years) and only ~5% in exposed adults. 6 Active-passive immunoprophylaxis with the hepa titis B vaccine and hepatitis B immune globulin (HBIG) also has a dramatic effect on MTCT rates, which vary markedly according to the mother's hepatitis B e antigen (HBeAg) status (70-90% transmission rate for HBeAgpositive mothers versus 10-40% for HBeAg-negative mothers) if no immunoprophylaxis is provided. 5 The standard active-passive immunoprophylaxis regimen involves administration of HBIG and hepatitis B vaccination immediately after birth (within 12 h) to infants of hepatitis B surface antigen (HBsAg)-positive mothers, followed by two additional doses of vaccine within 6-12 months. This regimen prevents transmission of HBV infection in ~95% of cases. 7 However, a systematic review of literature published from 1975-2011 determined that this approach fails to prevent HBV trans mission in 8-30% of children who are born to highly viraemic mothers. 8 Postulated causes of immunoprophylaxis failure include high levels of maternal viraemia, intrauterine infection or mutation of HBsAg. [9] [10] [11] [12] [13] Thus, a clinical need exists to identify all causes of immuno prophylaxis failure and to determine safe and effective means of reducing MTCT rates to zero.
Risk factors for MTCT
Women of childbearing age who are infected with HBV tend to be in the immune-tolerant or immune-active phases of chronic HBV infection and have high levels of viraemia. As such, pregnancy and the perinatal period present the most critical time period in which the future burden of chronic HBV infection might be affected.
14 In recognition of the importance of identifying HBV infection during pregnancy to reduce incident HBV infections, current recommendations by the US Preventive Services Task Force are for universal HBsAg screening of all pregnant women. 15 Outside the screening recommendation for all pregnant women, the AASLD (American Association for the Study of Liver Diseases) guideline recommendations for the general population state that screening should be limited to certain high-risk populations, such as individuals who are born in areas of high or intermediate 16 MTCT of HBV can take place intrauterine or during the peripartum or postpartum periods. Intrauterine infection has been defined as detectable HBsAg in infants in the first 30 days following delivery or detectable HBV DNA in peripheral blood samples taken from the neonate. 17 Provocative data from China have reported HBsAg staining in ovarian follicular and p lacental capillary endothelial cells as a risk factor for intrauterine transmission. 18 Other potential means of MTCT in the antepartum period include passage via maternal peripheral blood mononuclear cells or transplacental leakage causing maternal-fetal microcirculation (related to prolonged uterine contractions). Among studies reporting risk factors for antepartum transmission, some have indicated increased risk of threatened abortion, whereas amniocentesis has not been found to increase the risk of HBsAg or HBV DNA transfer to the neonate. [18] [19] [20] [21] [22] [23] In the past year, however, an association between high maternal viraemia and HBV transmission to the neonate with amniocentesis has been reported. 24 Further studies are needed before changes to recommendations should be considered. During vaginal delivery, direct contact with fluid in the maternal genital tract might result in MTCT. Indeed, high rates of HBsAg have been detected in vaginal fluids, and detection of HBsAg in the gastric lavage of newborn babies is associated with an increased risk of the infant being HBsAg-positive at 3 months of age. 25 In the postpartum period, breastfeeding has been evaluated as a potential source of MTCT (either via HBsAg in breast milk or through exposure to infected blood via abrasions on the nipple), but has not been demonstrated to pose a substantial risk of HBV transmission to infants who have received appropriate immunoprophylaxis. 26 Current recommendations from the Centers for Disease Control and Prevention support breastfeeding in mothers with HBV infection. 7 With the exception of lamivudine, limited information is available regarding the excretion of antiviral agents into human breast milk. 27 Prescribing information for all anti-HBV antiviral agents (including tenofovir disoproxil fumarate [TDF], telbivudine and entecavir) recommends against breastfeeding while taking these agents.
Maternal HBeAg positivity is a well-known risk factor for MTCT. HBeAg is believed to have an immunoregulatory function and, clinically, is indicative of viral replication and increased risk of transmission. 28 It is not clear from the available data if or how HBeAg positivity affects perinatal transmission independently of viral load, although data from China on >1,000 HBsAgpositive mothers have reported both HBeAg and HBV DNA positivity to be independent predictors of immunoprophylaxis failure. [29] [30] [31] Maternal HBeAg is believed to be transferred in utero through the placenta where it interferes with T-cell function, thereby inducing T-cell tolerance of HBV in the infant. 32 Maternal viraemia has been extensively documented as one of the strongest risk factors for the transmission of REVIEWS HBV in pregnancy. In a large, nested case-control study of 773 HBsAg-positive women in Taiwan, high levels of HBV DNA (≥1.4 ng/ml) in HBeAg-positive women were associated with persistent infection in infants (odds ratio [OR] 147). 33 Even in the era of immunoprophylaxis, high viraemia remains a strong predictor of MTCT. In a study of 138 babies born to HBsAg-positive women, Wiseman et al. reported an immunoprophylaxis failure rate of 9% among infants born to woman with high HBV viraemia. Of note, immunoprohylaxis failure only occurred in infants born to HBeAg-positive women who had HBV DNA levels ≥8 log 10 copies per ml. 34 Literature published since 2012 also addresses the magnitude of MTCT risk according to varying thresholds of maternal HBV DNA. 35 These data are particularly useful for counselling mothers about the likelihood of immunoprophylaxis failure ( Figure 1 ). 35 
Reducing MTCT
Controversy exists as to whether infants born via caesarean section have a lower risk of HBV MTCT than those born vaginally. Although some data have now been reported to support elective caesarean section to reduce MTCT, including a meta-analysis that suggested a 17.5% absolute risk reduction when compared with immunoprophylaxis alone, 36 other studies have found that elective caesarean section offers no benefit. 37, 38 Data from Beijing reporting on 1,409 infants born to HBsAgpositive mothers from 2007-2011, all of whom received appropriate immunoprophylaxis at birth, reported MTCT rates of 1.4% after elective caesarean section compared with 3.4% after vaginal delivery and 4.2% after emergency caesarean section (P <0.05). 38 When mothers in this study were stratified according to their level of HBV DNA, delivery modality did not affect MTCT rates among those with lower levels of viraemia (defined as <6 log 10 copies per ml). Thus, these data suggest a potential role for elective caesarean section among women with high HBV DNA levels. Before definitive guidelines can be created, validation studies are needed and further data are required to determine the relative safety and efficacy of elective caesarean section versus antiviral therapy during pregnancy in reducing MTCT rates without c ompromising fetal outcomes.
Regardless of delivery modality, postpartum management must include administration of HBIG and hepatitis B vaccine to the neonate within 12 h of birth, as the efficacy of the vaccine declines as the time between birth and initial dose administration increases. As in other populations, it is recommended that infants receive a total of three doses of the hepatitis B vaccine (one at birth, the second at 4-8 weeks of age and the third at 6 months). 7 It is also advised that the titres of HBsAg and antibodies against HBsAg be assessed at 9-15 months of age. Although much of this Review is focused on the means to address immunoprophylaxis failure, this immunoprophylaxis regimen, when properly administered, is highly effective for the prevention of MTCT (protecting 95-100% of at-risk newborn babies). However, challenges still exist in the implementation of the appropriate administration of this regimen and doses vary according to geographic location and health-care system. In regions where chronic HBV infection prevalence has historically been high (>8%), such as sub-Saharan Africa and Southeast Asia, only 42% of countries reported the dose of hepatitis B vaccine given at birth in immunization schedules. 39 Data from the Hepatitis B Research Network on 482 live births have revealed marked education gaps among North American mothers infected with HBV, 13% of whom did not know the vaccination status of their child and 27% of whom did not know whether their child had received HBIG. 40 
Antiviral therapy
Women of childbearing age Women of childbearing age who are infected with HBV present unique clinical dilemmas given the potential of HBV to cause chronic liver disease, to flare during or after pregnancy, and to be transmitted during the peri natal period. If a woman of childbearing age presents with chronic HBV infection and is currently not pregnant, goals of management are to determine the state of her liver disease and the necessity for antiviral therapy within the context of her family planning status. Indications for medical treatment of chronic HBV infection are based upon severity of disease as judged by HBV DNA level, HBeAg status and evidence of liver injury (by alanine aminotransferase [ALT] level and/or liver histology). 16 Often women of childbearing age will be in the immunetolerant stage of disease, characterized by a serological profile of HBsAg-positivity, HBeAg-positivity and very high levels of viraemia (>10 8 copies per ml) with persistently normal serum ALT levels (<19 IU/ml). According to the AASLD practice guidelines, 16 these women would not be candidates for antiviral therapy. However, given the high maternal levels of viraemia during the immunetolerant phase, antiviral therapy might be indicated to reduce perinatal transmission during later stages of p regnancy (discussed below). Allcases of perinatal transmission in this study of 869 women occurred for mothers who were HBeAg-positive and had HBV DNA levels ≥6 log 10 copies per ml. Generated using data from Zou et al. 35 Abbreviations: HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen.
REVIEWS
If a woman is planning pregnancy in the long-term future (>18 months) and is a candidate for antiviral treatment, interferon therapy can be considered, as this modality constitutes a defined treatment course of 48 weeks (unlike oral antiviral HBV therapy, which typically requires long-term treatment). Unfortunately, response rates with interferon are suboptimal and this therapy is associated with considerably greater adverse effects than oral antiviral agents. Additionally, candidates for interferon therapy must be willing and able to take contraceptive measures throughout therapy and for a 6-month washout period after therapy has concluded.
By contrast, women planning pregnancy in the immediate future (before the duration of any interferon treatment and washout period ends) are unlikely to be i nitiated on antiviral therapy due to concerns regarding fetal exposure to these drugs in early pregnancy. Nucleoside or nucleotide antiviral therapy has the potential to promote mitochochondrial toxicity and is of unclear benefit in young patients who have no clear evidence of advanced liver disease. 16 In patients who are suspected of having more advanced fibrosis and/or cirrhosis or evidence of highly active disease (based on elevated levels of ALT and/or histology), the clinical risk-benefit assessment might favour initiating therapy and continuing therapy throughout the course of pregnancy. Pregnancy itself can be associated with mild hepatitis flares, but rarely more severe flares (defined as ALT levels >10 times the upper normal limit). In the rare circumstance in which a flare occurs and if evidence of hepatic decompensation exists, initiation of antiviral therapy might be necessary to avoid untoward outcomes for both the mother and fetus. 41 The highest risks of HBV-associated decompensation in pregnancy are seen in women who have underlying cirrhosis, being reported at a rate of 15% in a retrospective review of 399 mothers with cirrhosis, and associated with 1.8% risk of mortality for mothers and 5.2% risk of fetal mortality. 42 Women who have previously received antiviral therapy for chronic HBV infection and who then present for care in early pregnancy require thoughtful evaluation to weigh the risks of antiviral discontinuation against those of exposure to nucleoside or nucleotide agents during the first trimester. The most important variable to consider in these cases is the severity of the underlying liver disease at the time antiviral therapy was initiated. Some clinicians might choose to continue therapy, and, in that case, TDF is often considered the long-term therapy of choice throughout pregnancy owing to the safety data available in patients with HIV, potency and low risk of resistance developing. Women presenting in the second or third trimester of pregnancy who have been taking antiviral therapy risk the possibility of rebound viral hepatitis with drug discontinuation as well as an increased risk of MTCT with high HBV DNA levels. Thus, expert opinion would favour continuation of antiviral therapy in this scenario. One small series of women (n = 12) who discontinued antiviral therapy during pregnancy reported viral rebound in 67% of patients, with a fivefold increase in ALT levels observed in 50% of patients. 43 Fortunately, spontaneous recovery was seen in all cases, but this report does highlight the potential risk of discontinuing antiviral therapy in pregnant women who have advanced fibrosis. 43 Finally, women who are initially diagnosed with HBV through screening performed in the first trimester of pregnancy warrant assessment for evidence of underlying liver disease. If the patient has previously unrecognized advanced liver disease, then initiating therapy might be warranted as the unknown risk of antiviral therapy to the fetus would be estimated to be lower than the risk of hepatic decompensation during pregnancy (reported at 14% in one retrospective study and associated with an increased risk of maternal and fetal mortality, as noted earlier). 44 However, most women of childbearing age will be in the immune-tolerant phase or have early disease, in which case antiviral therapy will be deferred, except in women with high HBV viraemia, for whom initiation of antiviral therapy might be advised in the third trimeste r for purposes of reducing risk of MTCT.
Prevention of MTCT
If a woman does not have active disease, advanced fibrosis or cirrhosis (each of which qualify her as a candidate for HBV therapy), then, as the third trimester approaches, consideration of the risk of perinatal hepatitis B transmission to the newborn baby becomes the predominant clinical concern. Ideally, conversations about the risk of MTCT and means of reducing this risk should occur in the antepartum period or early during the first trimester so that women have adequate time to consider management options with their hepatologist and obstetrician. Seven therapies are currently approved for the treatment of HBV infection (summarized in Table 1 ). Interferon therapy is best used in select women prior to the time that they are planning pregnancy as a means to reduce risk of MTCT (via HBeAg seroconversion with markedly reduced viral load) and should be avoided in women who are currently pregnant or who wish to become pregnant in the near term (within 18 months). Although only two of the currently approved therapies (TDF and telbivudine) are categorized as FDA category B drugs (Table 1) , a growing number of reports have detailed clinical experience using these drugs to reduce MTCT. In addition, drugs such as lamivudine and TDF, which are used for HIV therapy, have also been administered to pregnant women with HIV, enabling further clinical observations of safety. The largest experience of patients with HBV infection treated with lamivudine to reduce MTCT is included in a meta-analysis published in 2011. 45 This analysis included 15 randomized controlled trials (RCTs) with a total of 1,693 HBV-infected mothers, most of whom were identified through the China Biological Medicine Database (published in Chinese). Lamivudine therapy (initiated at week 28 of gestation and beyond) was found to substantially reduce the rate of MTCT compared with immunoprophylaxis alone (as determined by HBsAg or HBV DNA measurement in newborn babies or infants). However, as only two of the 15 studies were methodologically of high quality, the remainder judged to be of low quality by the authors of the meta-analysis, these results should be regarded with caution.
In the largest RCT of lamivudine to reduce MTCT, Xu et al. 46 treated 150 pregnant women with lamivudine (100 mg per day) or placebo if they had HBV DNA levels >1,000 MEq/ml (where 1 MEq = 10 6 copies per ml) starting at week 32 of gestation to 4 weeks postpartum (Table 2) . Data from this RCT are limited in that infants born to 26 women in the lamivudine arm received vaccination but not HBIG at birth and the dropout rate was high. An intention-to-treat analysis found an MTCT rate of 18% with lamivudine versus 39% with placebo (P = 0.014), despite the noted methodological problems. A later report in which lamivudine therapy was given in the second or third trimester included treatment-naive mothers who were HBeAg-positive with HBV DNA levels >6 log 10 copies per ml (n = 155). 47 All infants in this study received standard active-passive immunoprophylaxis and cases were compared with 89 matched controls with similar virological profiles who were not treated with antiviral therapy during pregnancy. The MTCT rate was 0% in the lamivudine-treated group versus 5% in the control group (P = 0.012). No differences in infant complications or adverse events were seen with or without antiviral therapy. 47 Han et al. 48 conducted a prospective, open-label trial of 229 women aged 20-40 years who were HBeAg-positive with HBV DNA levels >7 log 10 copies per ml.All women were offered antiviral therapy, the 135 who accepted received telbivudine (600 mg daily) from gestation week 20-32. The comparison arm consisted of 94 women who consented to participate in the trial but declined antiviral therapy. All infants were administered appropriate immuno prophylaxis. Mean viral load at enrolment was ~8 log 10 copies per ml in both arms, which reduced to 2.44 log 10 copies per ml in the telbivudine-treated arm prior to delivery. The reported MTCT rate was 0% in infants born to the women who received t elbivudine therapy compared with 8% in infants born to the women who received no antiviral therapy. One infant in each group had low birth weight and six infants in the t elbivudine group (compared with five infants in the control group) developed pneumonia by age 7 months; no congenital abnormalities were identified in either group. 48 This study adds to the body of evidence that reduction of maternal viraemia reduces MTCT, although the choice of telbi vudine is still limited by lack of human safety data when compared with TDF. 49 In a similar study, Pan and colleagues compared 53 women with HBeAg-positive HBV infection (viral loads >6 log 10 copies per ml) and elevated ALT levels who had telbivudine therapy initiated in the second or third trimester with 35 similar women who declined therapy following a discussion of risks and benefits. The immunoprophylaxis failure rate in this study was 0.0% for the telbivudine therapy group compared with 8.6% in the group who declined telbivudine, with no marked difference in the rates of adverse events at a follow-up of 28 weeks postpartum. Few data exist to support treatment early in the course of pregnancy for prevention of MTCT (Table 2) . One study from Beijing evaluated 86 women who began telbivudine therapy during the antenatal period or in the first trimester (86% HBeAg-positive and 2.3% cirrhotic). 51 Spontaneous abortions were observed in 7.9% of the women treated with telbivudine in early pregnancy, which was not felt by the authors of the study to be greater than expected. Adverse events, reported in >5% of mothers in the perinatal period, included meconium staining of the amniotic fluid (10%), premature birth (8%) and premature rupture of membranes (6%), which were also not felt to be greater than expected. The reported congenital abnormality rate (with postpartum follow-up duration 6-24 months) was 3.8% and there were no cases of MTCT. 51 Further pregnancy outcome data are required before the safety of antiviral therapy exposure in the first trimester of pregnancy can be determined. Longerterm follow-up data for infants exposed to telbivudine in utero have been reported in 200 pregnant women who were treated with telbivudine from 20-32 weeks gestation-202 infants born to these women were followed-up for a minimum of 1 year (maximum follow-up 4 years). 52 The MTCT rate was 0.0% in this study; two congenital abnormalities were identified (0.1%), one at 1.5 years of age (megacolon) and another at 2 years of age (patent ductus arteriosus). 52 At this time, not enough data exist to support early treatment of HBV to prevent MTCT.
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Although robust data are available from studies in the HIV-infected TDF-exposed pregnant population, considerably fewer published data have assessed the efficacy of TDF therapy in reducing MTCT risk in HBV-infected pregnant women. In one small series of women (n = 11) with HBeAg-positive disease and high viraemia (≥10 6 copies per ml) treated with TDF at a median of 29 weeks gestation for a median of 10 weeks prior to delivery, a 0% immunoprophylaxis failure rate was reported and no adverse events were identified in either mothers or their infants. 53 A larger (n = 48) retrospective review of women who were treated with TDF throughout pregnancy reported a MTCT rate of 0%, with a spontaneous abortion rate of 6% in the first trimester. 54 The observed fetal adverse event rates were also low (3.6% for each of the following: preterm labour, prolonged labour, anterior placenta and meconium staining). 54 Finally, in a multicentre, prospective study from Australia, 60 woman with HBV DNA levels >10 7 IU/ml commencing therapy with TDF at 32 weeks gestation were compared with women treated with lamivudine (n = 21) from the same time point in pregnancy and untreated historical controls (n = 9). 55 34 babies born to woman taking TDF had a follow-up at 9 months and, at this time, no infants were HBsAg-positive; no evidence of congenital abnormalities or abnormal growth parameters was observed. 55 Thus, although the published experience is small for TDF, it seems to be highly effective at reducing MTCT risk and does not seem to be associated with high rates of congenital abnormalities.
The Antiretroviral Pregnancy Registry (APR) is another source of data regarding the safety of HBV therapy during pregnancy. This voluntary, prospective, observational database of women taking antiretroviral therapies during pregnancy was designed to detect early signals of teratogenicity associated with these medications. 49 As of January 2013, 15,877 women were enrolled in the APR, with a minority reporting HBV monoinfection (n = 233) or HIV-HBV co-infection (n = 163). Lamivudine was associated with a 3.2% birth defect rate (135 out of 4,273) after exposure in the first trimester and a 2.8% birth defect rate (198 out of 6,989) after exposure in the second or third trimester. Exposure to TDF in the first trimester was associated with a 2.3% birth defect rate (42 out of 1,800) and a 2.2% birth defect rate (20 out of 894) when TDF therapy was initiated in the second or third trimester. In comparison, the Centers for Disease Control and Prevention report rates of birth defects to be ~3% in the general USA population. 49 In summary, a growing body of literature supports both the safety and efficacy of antiviral therapy initiated in late pregnancy for reduction of MTCT among women whose children are at highest risk of immunoprophylaxis failure (HBV DNA levels ≥10 7 copies per ml). Although some studies have suggested a favourable safety profile for antiviral therapy even in the first and second trimesters of pregnancy when used purely for the purposes of reducing MTCT, antiviral therapy can be initiated in the third trimester, thereby minimizing the risk associated with fetal exposure to these medications. 56 Treatment at HBV DNA levels <10 6 copies per ml does not seem to be indicated unless the mother has existing liver disease, in which case viral suppression is recommended. The end point of a ntiviral therapy administered to reduce the risk of MTCT is typically in the immediate postpartum period for mothers who plan to breastfeed their infants. Discontinuation of therapy at any point during or after pregnancy requires careful monitoring due to the po tential for flares upon withdrawal (discussed below).
HBV infection and pregnancy outcomes
Limited data are available to address whether HBV infection affects obstetric outcomes independently of other variables. A retrospective analysis of all births in Florida (n = 1,670,369) from 1998 to 2007 for pregnancy outcomes (preterm birth, low birth weight, small for gestational age, fetal distress, neonatal jaundice and congenital abnormalities) according to HBV or HCV monoinfection or co-infection found that women with HBV infection were less likely to have infants born small for gestational age (OR 0.79; 95% CI 0.66-0.95) compared with the u ninfected cohort. 57 This finding indicates that HBV infection does not substantially increase the risk of adverse outcomes in pregnancy compared with individuals without HBV or HCV infection. A retrospective case-control study addressing this question compared 253 HBsAg carriers who had a singleton pregnancy with 253 controls matched for age, parity and year of delivery. HBsAg carriers had increased rates of antepartum haemorrhage, gestational diabetes and threatened preterm labour. 58 The most recent publication to address this question was published in 2013 and found that HBsAg-positivity was associated with a reduced risk of pregnancy-induced hypertension (adjusted OR 0.79; 95% CI 0.66-0.95) and pre-eclampsia (adjusted OR 0.71; 95% CI 0.56-0.91). 59 Thus, from currently available data it is difficult to state with any confidence that HBsAg-positive mothers face an increased risk of o bstetric c-omplications attributable to their infection status.
Postpartum flares of hepatitis
Owing to immunological changes in pregnancy, flares of hepatitis are observed both during and after pregnancy, although the true incidence of pregnancy-related disease flares and risk factors are poorly understood. The Hepatitis B Research Network 40 reported the rate of hepatitis flare (defined as ALT >200 IU/ml) in 82 women after giving birth to be fairly low (2.4%). 60 In a cohort of 126 Australian women recruited during early pregnancy, hepatitis flare (defined as ALT twice the upper limit of normal or twice the baseline value if this level was elevated) was reported in 21% of women. 61 Six women in this cohort took antiviral therapy in pregnancy to reduce MTCT rate. Risk factors identified were HBeAgpositivity (OR 2.19; 95% CI 1.13-4.22) and first pregnancy (OR for parity 0.56; 95% CI 0.37-0.85). 61 Data evaluating how the postpartum duration of antiviral therapy affects the risk of postpartum flare of hepatitis amongst mothers with HBV DNA levels ≥7 log 10 IU/ ml found no difference in women treated for ≤4 weeks, >4 weeks, or women not treated with antiviral therapy at all. Thus, whether antiviral therapy in pregnancy has a significant effect on post-pregnancy flare risk is c urrently unclear. 62 
Conclusions
HBV transmission remains a global health issue despite the availability of an effective and safe vaccine. Further implementation of HBV vaccination and administration of HBIG at birth in countries highly endemic for HBV is important. However, although HBIG and the HBV vaccine are highly effective, a high level of maternal HBV DNA (especially >10 8 log copies per ml or 2 × 10 7 IU/ml) is a strong predictor of immuno prophylaxis failure and results in an ~8% risk of HBV transmission to the neonate. Consideration of antiviral therapy to reduce viral load in the third trimester of pregnancy can be considered in this high-risk group, but a careful discussion with the mother about the risks, benefits and limitations of the current data is essential. For highly viraemic mothers, an alternative consideration to reduce risk of immunoprophylaxis failure includes elective caesarean section, although conflicting data suggest more studies are needed before changes in the mode of birth can be recommended. Thus, the decision regarding interventions to reduce MTCT of HBV in this subset of women requires an informed discussion with both her hepatology and obstetrics providers. Finally, any mothers who have advanced disease (especially cirrhosis) are at risk of severe flares of disease during and after pregnancy if antiviral therapy is discontinued, which can be fatal in rare cases. Thus, discontinuation of antiviral therapy is not re commended in these women.
Review criteria
A literature search was performed on the PubMed database with the following search terms: "hepatitis B", "pregnancy", "immunoprophylaxis", and "mother-to-child transmission" both alone and in combination. Clinical trials, case series and meta-analyses were analysed for creation of this Review, with particular focus on manuscripts published in the past 5 years. Abstracts accepted for the 2013 Liver Meeting (published in Hepatology, October 2013) were also reviewed and those pertaining to hepatitis B and pregnancy are included in this Review.
